Background/Objectives: Prospective cohort studies have shown that high fruit and vegetable consumption is related to a lower risk of stroke. Whether food processing affects this association is unknown. We evaluated the associations of raw and processed fruit and vegetable consumption independently from each other with 10-year stroke incidence and stroke subtypes in a prospective population-based cohort study in the Netherlands. Subjects/Methods: We used data of 20 069 men and women aged 20-65 years and free of cardiovascular diseases at baseline who were enrolled from 1993 to 1997. Diet was assessed using a validated 178-item food frequency questionnaire. Hazard ratios (HRs) were calculated for total, ischemic and hemorrhagic stroke incidence using multivariable Cox proportional hazards models. Results: During a mean follow-up time of 10.3 years, 233 incident stroke cases were documented. Total and processed fruit and vegetable intake were not related to incident stroke. Total stroke incidence was 30% lower for participants with a high intake of raw fruit and vegetables (Q4: 4262 g/day; HR: 0.70; 95% confidence intervals (95% CIs): 0.47-1.03) compared with those with a low intake (Q1: p92 g/day) and the trend was borderline significant (P for trend ¼ 0.07). Raw vegetable intake was significantly inversely associated with ischemic stroke (427 vs p27 g/day; HR: 0.50; 95% CI: 0.34-0.73), and raw fruit borderline significantly with hemorrhagic stroke (4120 vs p120 g/day; HR: 0.53; 95% CI: 0.28-1.01).
Introduction
Two meta-analyses of prospective cohort studies concluded that fruit and vegetable intake is associated with a lower risk of stroke (Dauchet et al., 2005; He et al., 2006) . These findings provided evidence for the 2005 Dietary Guidelines for Americans, which recommend a daily consumption of 2 cups of fruit and 2.5 cups of vegetables for a reference 2000-calorie intake (US Department of Agriculture, 2005) . According to these guidelines, fruit and vegetables can be consumed as equivalent amounts of raw or cooked, whole, cut up, mashed or as 100% fruit juice. In addition, whole fruits (fresh, frozen, canned or dried) rather than fruit juice is advised (US Department of Agriculture, 2005) , but recommendations whether fruit or vegetables should be eaten as raw or processed were not specified.
Most prospective cohort studies included in both metaanalyses of Dauchet et al. or He et al. categorized fruit and vegetables together and no distinction was made between raw and processed (Gillman et al., 1995; Keli et al., 1996; Joshipura et al., 1999; Bazzano et al., 2002; Johnsen et al., 2003; Steffen et al., 2003) or this was not reported (Hirvonen et al., 2000; Sauvaget et al., 2003) . Four studies found an inverse relationship between citrus fruit and stroke incidence (Keli et al., 1996; Joshipura et al., 1999; Johnsen et al., 2003; Mizrahi et al., 2009 ) of which two were statistically significant (Johnsen et al., 2003; Mizrahi et al., 2009) . Two studies observed that high leafy vegetable intake was inversely associated with ischemic stroke (Joshipura et al., 1999; Johnsen et al., 2003) . Joshipura et al. (1999) showed that fruit juice was inversely related to ischemic stroke, while Johnsen et al. (2003) observed no association between fruit and vegetable juice and ischemic stroke. To the best of our knowledge, no prospective studies have yet investigated raw or processed fruit and vegetable consumption separately in relation to stroke incidence.
Raw fruit and vegetables are rich sources of fiber, potassium, folate, vitamins, minerals, flavonoids, lignans and other bioactive phytochemicals, and are low in energy density (Eichholzer et al., 2001) . Processing of fruit and vegetables alters their structure and changes their chemical composition, nutritional value, digestibility and bioavailability of bioactive compounds. Although processed fruit and vegetables are lower in fiber compared with their raw counterparts, they may be a good source of phytochemicals (Ruxton et al., 2006; Rickman et al., 2007) . During processing water-soluble and heat-sensitive bioactive compounds can be lost, such as carotenoids, vitamins and minerals, but the bioavailability may improve (Gärtner et al., 1997; van het Hof et al., 2000) . Therefore, the objective of the present study was to evaluate the associations of the intake of raw and processed fruit and vegetables independently from each other with 10-year stroke incidence and stroke subtypes in a population-based follow-up study in the Netherlands.
Subjects and methods

Study population
Our analyses were conducted in a Dutch population-based cohort study; the Monitoring Project on Risk Factors and Chronic Diseases in the Netherlands (MORGEN Study) carried out from 1993 to 1997 (Verschuren et al., 2008) . The Medical Ethics Committee of the Netherlands Organization for Applied Scientific Research approved the study protocol.
Of 22 654 participants, we excluded respondents without informed consent for vital status follow-up (n ¼ 701), with incomplete dietary assessment (n ¼ 72), with reported total energy intake o500 or 44500 kcal per day for women or o800 or 45000 kcal per day for men (n ¼ 97), with prevalent myocardial infarction or stroke (n ¼ 442) and self-reported diabetes and those using lipid-lowering or anti-hypertensive drugs (n ¼ 1273). This resulted in a study population of 20 069 participants, 8988 men and 11 081 women.
Dietary assessment
Information on habitual food consumption of 178 food items, covering the previous year, was collected using a validated, self-administered semi-quantitative food frequency questionnaire (FFQ) developed for the Dutch cohorts of the EPIC (European Prospective Investigation into Cancer) study (Ocké et al., 1997a) . Participants indicated their usual consumption of food items as absolute frequencies in times per day, per week, per month, per year or as never. For several food items, additional questions were included about the consumption frequency of different sub-items or about preparation method using the following categories: always/mostly, often, sometimes and seldom/ never. For 21 food items, mainly vegetables, colored photographs were used to estimate portion sizes. Frequencies per day were multiplied with standard household measures, natural units or indicated portion sizes to obtain grams per day for each food item. The Dutch Food Composition Database (1996) was used to calculate values for energy and nutrient intakes. Intake of carotenoids was calculated using the Dutch Food Composition Database (2001) .
Specific information on preparation methods was collected to distinguish whether fruit or vegetables were consumed as raw or cooked, or as juice or sauce (Oude Griep et al., 2010) . The FFQ comprised 35 fruit and vegetable items in total, including 9 raw fruit items, 7 raw vegetable items, 13 cooked vegetable items, 2 vegetable juices/sauces and 4 fruit juices/sauces. Processed fruit comprised fruit juices and apple sauce that were mainly consumed as industrially produce from concentrates. Processed vegetables comprised home-cooked vegetables including canned and frozen vegetables and tomato sauce. We did not consider potatoes and legumes, except French beans, as vegetables, because the nutritional value of these food items differs significantly from that of vegetables (Dutch Food Composition Database, 1996) . Fruit and vegetable consumption during winter and summer was assessed separately to take seasonal differences of intake into account.
In men, reproducibility of the FFQ after 12 months expressed as Spearman's correlation coefficients was 0.67 for raw vegetables and 0.69 for cooked vegetables (Ocké et al., 1997a) . Similar correlation coefficients for raw and cooked vegetable intake were found in women. The reproducibility for total fruit intake was 0.61 in men and 0.77 in women. The validity of the FFQ for food groups (Ocké et al., 1997a) and nutrients (Ocké et al., 1997b) was tested against 12 repeated 24-h recalls to estimate the reliability of the dietary assessment. Spearman's rank correlation coefficients varied between 0.32 and 0.49 for raw vegetables, 0.21 and 0.41 for cooked vegetables and between 0.56 and 0.68 for total fruit intake.
Risk factors
The baseline measurements were previously described by Verschuren et al. (2008) . Body weight, height and blood pressure were measured by trained research assistants during a physical examination at a municipal health service site. Non-fasting venous blood samples were collected and total cholesterol concentrations were determined using an enzymatic method. Information on cigarette smoking, educational level, physical activity, use of anti-hypertensive and lipid-lowering drugs, ever use of hormone replacement therapy and both the participants' and their parents' history of previous myocardial infarction were obtained by a self-administered questionnaire. Dietary supplement use (yes/no) and alcohol intake were obtained from the FFQ. Alcohol intake was expressed as the number of glasses of beer, wine, port wines and strong liquor consumed per week. From 1994 onwards, type, frequency and duration of physical activity were assessed using a validated questionnaire, developed for the EPIC study including questions on leisure time and occupational physical activity (Pols et al., 1997) .
Ascertainment of fatal and non-fatal events After enrollment, information on the participants' vital status up to 1 January 2006 was monitored using the municipal population register. For participants who died, information on the primary cause of death was obtained from Statistics Netherlands. The hospital discharge register provided clinically diagnosed stroke admissions. Stroke incidence was defined as the first non-fatal or fatal stroke event, not preceded by any other non-fatal stroke event, and included codes G45, I60-I67 and I69 of the tenth revision of the International Classification of Diseases (ICD-10) (World Health Organization, 1990) . Ischemic stroke included cerebral infarction (ICD-10: I63) and Transient cerebral Ischemic Attack (ICD-10: G45). Hemorrhagic stroke included ICD-10 codes I60-I62. Other and unspecified strokes were defined as ICD-10 codes I64-I67 and I69. For hospital admission data, corresponding ICD-9 codes were used (World Health Organization, 1977) . If the dates of hospital admission and death coincided the event was considered fatal.
Statistical analysis
For each participant, we calculated follow-up time from date of enrollment until the first event (non-fatal or fatal stroke), date of emigration (n ¼ 693), date of death or censoring date (1 January 2006), whichever occurred first. Quartiles of intake were computed for each fruit and vegetable group. Hazard ratios (HRs) and 95% confidence intervals (95% CIs) for quartiles of fruit and vegetable consumption compared with the lowest quartile were estimated using Cox proportional hazards models. The Cox proportional hazards assumption was fulfilled in all models according to the graphical approach and Schoenfeld residuals. To test the P for trend of the associations across increasing categories of intake, the median values of intake were assigned to each quartile and used as a continuous variable in the Cox model. To analyze subtypes of stroke, HRs and 95% CIs for high vs low fruit and vegetable intake according to the median and for each 50 g increase were calculated for power reasons.
The correlation between the raw and processed fruit and vegetables was assessed with the Spearman's rank correlation test.
Besides an age (continuous) and gender adjusted model, we used a multivariable model that included total energy intake (kcal), smoking status (never, former, current smoker of o10, 10-20, X20 cigarettes per day), alcohol intake (never, moderate and high), educational level (four categories), dietary supplement use (yes or no), ever use of hormone replacement therapy (yes or no), family history of acute myocardial infarction before age of 55 years of the father or before age 65 years of the mother (yes or no) and body mass index (continuous). Additionally, we extended the model with dietary covariates including intake of whole grain foods (g/day), processed meat (g/day) and fish (quartiles). Depending of the exposure variable under investigation, we further adjusted for raw or processed fruit and vegetable intake. Within participants enrolled after 1994, we evaluated whether physical activity was a potential confounder by comparing HRs with and without adding physical activity to the multivariable model.
We examined potential effect modification by age (o50, X50 years), gender and smoking status (never and current) by entering cross-product terms into the multivariable models. Log likelihood ratio testing showed no significant interactions between these factors and fruit and vegetable groups in relation to stroke. Two-tailed P-values o0.05 were considered statistically significant. Analyses were performed using SAS version 9.1 (SAS Institute, Inc., Cary, NC, USA).
Results
Average daily fruit and vegetable consumption was 378 g/day for the total study population, of which 188 g/day was consumed as raw fruit and vegetables and 190 g/day as processed fruit and vegetables. Raw fruit and vegetable intake mainly comprised raw fruit, with apples (22% of raw fruit intake) and citrus fruit (25%) as major contributors. Raw vegetables were mainly cucumber (23% of raw vegetable intake) and tomatoes (18%). Processed fruit and vegetables mainly comprised processed fruit, of which citrus juice (49% of processed fruit intake) and apple juice (22%) were the most important contributors. Processed vegetables were mainly cabbages (24%) and French beans (14%). Raw fruit and vegetable intake was weakly related to processed fruit and vegetable intake (Spearman's r ¼ 0.20).
High raw fruit and vegetable consumers were more often women, tended to be older, had a higher educational level, were less likely to smoke, more likely to be physically active, used more often dietary supplements and were more often vegetarians compared with low raw fruit and vegetable consumers (Table 1) . High processed fruit and vegetable consumers also showed a healthier lifestyle, but were younger than low processed fruit and vegetable consumers.
High raw fruit and vegetable consumers had a higher intake of fruit fiber, vitamin C and potassium compared with low raw fruit and vegetable consumers, while energy intake and dietary fiber intake from other sources did not differ (Table 2) . High processed fruit and vegetable consumers had a higher intake of energy, dietary fiber from other sources, vitamin C and potassium compared with low processed fruit and vegetable consumers.
After an average follow-up period of 10.3 years, 19 fatal and 226 non-fatal stroke cases had occurred, of which 12 fatal cases had a non-fatal stroke previously. In all, 233 first-ever incident strokes remained for the present analysis (139 ischemic, 45 hemorrhagic and 49 other or unspecified strokes). After multivariable adjustment, total fruit and vegetable intake (Table 3 : 4475 vs p241 g/day; HR: 0.97; 95% CI: 0.66-1.44) and processed fruit and vegetable intake were not related to total stroke incidence (4234 vs p113 g/day; HR: 1.20; 95% CI: 0.81-1.76). High raw fruit and vegetable consumption (4262 g/day) was inversely related with stroke incidence (HR: 0.70; 95% CI: 0.47-1.03) Family history of acute myocardial infarction is defined as occurrence of acute myocardial infarction before age 55 years of the father or before age 65 years of the mother.
f Fish consumption is defined as the highest quartile of fish intake (median: 17 g/day, i.e., B1 portion of fish per week). Raw and processed fruit and vegetables and stroke LM Oude Griep et al compared with participants with a low intake (p92 g/day) and was borderline significant (P for trend ¼ 0.07). Raw vegetable intake was inversely associated with stroke incidence (448 vs p14 g/day; HR: 0.53; 95% CI: 0.36-0.80), but raw fruit intake was not associated (4234 vs p65 g/day; HR: 1.01; 95% CI: 0.68-1.50).
To analyze stroke subtypes, we divided fruit and vegetable consumption according to the median intake. Compared with raw fruit and vegetable intake below the median, raw fruit and vegetable intake above the median was borderline significantly associated with ischemic stroke incidence (4150 vs p150 g/day; HR: 0.69; 95% CI: 0.48-1.00), but Additionally adjusted for intake of processed fruit and vegetables and raw fruit. f Additionally adjusted for intake of raw fruit and vegetables. g Additionally adjusted for intake of raw fruit and vegetables and processed vegetables. h Additionally adjusted for intake of raw fruit and vegetables and processed fruit.
not with hemorrhagic stroke (Table 4) . Raw vegetable intake above the median was inversely associated with ischemic stroke (427 vs p27 g/day; HR: 0.50; 95% CI: 0.34-0.73), but not with hemorrhagic stroke. Raw fruit intake was not related to ischemic stroke, but was borderline significantly related to hemorrhagic stroke (4120 vs p120 g/day; HR: 0.53; 95% CI: 0.28-1.01). Processed fruit and vegetable intake was neither associated with ischemic nor with hemorrhagic stroke. We found similar results for cerebral infarction compared with ischemic stroke including Additionally adjusted for intake of processed fruit and vegetables and raw fruit. f Additionally adjusted for intake of raw fruit and vegetables. g Additionally adjusted for intake of raw fruit and vegetables and processed vegetables. h Additionally adjusted for intake of raw fruit and vegetables and processed fruit.
Transient Ischemic Attack (data not shown). Furthermore, we also found similar results as we repeated the analysis in those with complete data compared with the present analysis.
We evaluated whether physical activity was a potential confounder for raw fruit and vegetable intake with incident stroke within participants enrolled from 1994 onwards (n ¼ 15 433). HRs for incident stroke did not change, that is, 0.69 (95% CI: 0.43-1.11) without and 0.67 (95% CI: 0.42-1.10) including physical activity in the model for highest vs lowest quartiles of raw fruit and vegetable intake.
Discussion
The present study showed that raw fruit and vegetable consumption was inversely related to total stroke incidence. This inverse relationship was due to the inverse association between raw vegetables and ischemic stroke and the borderline significant association between raw fruit and hemorrhagic stroke. Processed and total fruit and vegetable consumption were not related to incident stroke.
We had almost complete cause-specific mortality follow-up. With respect to non-fatal events, it has been shown on the national level that data from the Dutch hospital discharge register can be uniquely matched to an individual for at least 88% of the hospital admissions (De Bruin et al., 2003) . In the Netherlands, brain imaging (computed tomography or magnetic resonance imaging) is used to identify stroke and its subtypes in 98% of admitted patients (Scholte op Reimer et al., 2006) . This is in accord with the Dutch guideline for the diagnosis of stroke subtypes (Dutch Institute for Healthcare Improvement, 2008) . In the present study, 61% of all non-fatal strokes including Transient Ischemic Attack was ischemic, 18% was hemorrhagic and 21% was other or unspecified (21%). Although misclassification is inevitable, we assume that based on the diagnostic procedures used in Dutch hospitals, misclassification of stroke and its subtypes was limited.
High raw and processed fruit and vegetable consumers were more often women who have as shown in the baseline characteristics a healthier lifestyle and dietary pattern than men. In the multivariable model, we were able to adjust for most relevant known potential confounders. However, as fruit and vegetable intake is part of a healthy diet and lifestyle which involves many different factors, residual confounding can never be ruled out completely. Furthermore, information was not available on incident diabetes, hypertension or hypercholesterolemia. These participants may have changed their diet intentionally, which may have attenuated the association between fruit and vegetable intake and the risk of stroke. Additionally, we used a selfreported FFQ at baseline only. Measurement error in selfreported data and changes in dietary habits during follow-up are inevitable and may have resulted in exposure misclassification and attenuation of the results.
In the present study, raw vegetables were inversely related with ischemic stroke and raw fruit with hemorrhagic stroke. The number of stroke cases, especially of hemorrhagic stroke, was rather small and thus more vulnerable to chance findings. Because of the limited power, we cannot conclude that raw vegetables are in particularly related to ischemic stroke and raw fruit to hemorrhagic stroke. However, our results suggest that raw fruit and vegetable consumption is related to total stroke incidence. Results of other prospective cohort studies with larger numbers of cases are needed to confirm these associations.
Raw fruit and vegetables contain many nutrients and bioactive phytochemicals that may have beneficial effects on stroke. High raw fruit and vegetables consumers had a higher intake of fiber, vitamin C and potassium, but similar energy intake compared with low raw fruit and vegetable consumers. Citrus fruit and apples contributed for B47% to raw fruit intake. Citrus fruit is a rich source of vitamin C and apples are an important source of the flavonol quercetin (Hertog et al., 1992; Dutch Food Composition Database, 1996) . Vegetables, raw or cooked, are high in flavonols and provide B80% of dietary nitrate intake. Recently, it was suggested that nitrate could have potential cardiovascular benefits (Hord et al., 2009) . The protective effect of raw fruit and vegetables is most likely due to synergistic effects of these different compounds (Jacobs et al., 2009) .
Citrus (49%) and apple juice (22%) were the largest contributors to processed fruit intake. Citrus juice and oranges have comparable levels of vitamin C and quercetin, but citrus juice is low in dietary fiber (0.3/100 g) compared with oranges (1.8/100 g) (Hertog et al., 1992 (Hertog et al., , 1993 Dutch Food Composition Database, 1996) . Apple juice contains no fiber or quercetin, while apples with or without peel have high levels of both dietary fiber (B2.3/100 g) and quercetin (3.6 mg/100 g) (Hertog et al., 1992 (Hertog et al., , 1993 Dutch Food Composition Database, 1996) . The lower dietary fiber and flavonoid content of fruit juices may explain the lack of association of processed fruit and vegetables with incident stroke. Additionally, the liquid state of juices and added sugars to juices and products like apple sauce may have contributed to the higher energy intake of those with a high processed fruit and vegetable intake (Flood-Obbagy and Rolls, 2009).
Cauliflower is a major contributor to processed vegetable consumption. Cooked cauliflower is a poor source of dietary fiber (1.5/100 g) and vitamin C (40 mg/100 g) compared with 2.5 g fiber per 100 g and 80 mg vitamin C per 100 g in raw cauliflower (Hertog et al., 1992; Dutch Food Composition Database, 1996) . This illustrates that cooked vegetables have generally a lower dietary fiber content and have lost vitamin C in the cooking water. Furthermore, salt is often added to cooked vegetables. The FFQ is not a reliable method to assess salt intake, therefore, we were not able to adjust for salt intake. The low content of fiber and vitamin C and the addition of salt to cooked vegetables could be an explanation that processed vegetables were in contrast to raw vegetables not related to stroke incidence. However, we cannot rule out that different types of vegetables comprising various micronutrients and phytochemicals may have influenced these results. Raw vegetables comprised mainly tomatoes and cucumber, while cabbages and French beans were the largest contributors of processed vegetables. Further research is needed to examine whether specific fruit and vegetable types influence the association with stroke independently from processing.
The results of the present study suggest that high raw fruit and vegetable consumption, in contrast to high processed fruit and vegetable intake, may protect against stroke incidence. The higher amount and possible synergy of fiber, vitamin C, potassium, flavonoids and other bioactive compounds of raw fruit and vegetables may explain these results. More research is needed to confirm the possible beneficial effects of raw vegetable consumption on ischemic stroke and of raw fruit consumption on hemorrhagic stroke risk.
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